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ABSTRACT 

Quillworts recently collected from a population on Cheju Island, 
South Korea, are tetraploid (2n = 44 = 22) and have cristate 
megaspores and echinate microspores. Based on these characters, the 
specimens are identified as [soetes sinensis var. sinensis, a globally 
rare taxon previously unreported in Korea. The apparently close 
taxonomic relationship between Korean I. sinensis var. sinensis and 
the basic diploid J. taiwanensis suggests that further phylogenetic 
investigation is warranted. 


INTRODUCTION 

Taxonomic information on quillworts in eastern Asia is limited in comparison to the 
body of data resulting from active investigations in North America (Britton & 
Brunton, 1989, 1991, 1992, 1993, 1995, 1996; Brunton & Taylor, 1990; Britton, 
1991; Britton & Goltz, 1991; Brunton & Britton, 1996a, b, 1997, 1998, 1999; Taylor 
et al., 1985, 1993; Taylor & Luebke, 1988; Brunton et al., 1994, 1996; Musselman 
& Knepper, 1994, Musselman et al., 1996, 1997; Britton et al., 1999) and India 
(Panigrahi, 1981; Srivastava et al., 1993; Srivastava, 1998). Until recently, only two 
or three species had been reported in China (Wu & Ching, 1991), one in Taiwan 
(DeVol, 1972), three in Korea (Chung & Choi, 1986; Lee, 1989, 1996), and three in 
Japan (Iwatsuki, 1995). Takamiya et al. (1997), however, indicate that four species, 
two varieties and one hybrid exist in Japan. This suggests that more intensive 
searches may reveal additional quillwort taxa of eastern Asia. 

In this paper morphological, cytological and spore ornamentation characteristics 
of an additional Korean quillwort are examined and its taxonomic relationship to 
other eastern Asian /soetes species is considered. 


MATERIALS AND METHODS 


Specimens of Isoetes were collected from a pond at Shincheon, Namcheju-Gun, 
Cheju Island, South Korea (Fig. 1) on September 18, 1996 by Mr Mitsuru Miyabe. 
Two juvenile, sterile plants from this collection were cultivated in pots in a shallow 
pond at the Botanical Garden, Faculty of Science, Kumamoto University. After one 
year in cultivation both plants matured and produced mega- and microsporangia. 
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Figure 1. Distribution of Isoetes sinensis var. sinensis and the collection site in 
Korea. e@ = populations of /. sinensis var. sinensis. * = population of 
I. taiwanense. >= Cheju Island, South Korea. 


The mitotic chromosome number and meiotic chromosome configurations were 
determined following the methods described in Takamiya et al. (1994, 1996). Spore 
measurements and Scanning Electron Microscope (SEM) observation of 
surface morphology follow the protocol given in Watanabe et al. (1996). 
Terminology and classification of the spores follow Kott and Britton (1983), Hickey 
(1986), and Tryon and Lugardon (1990). Nomenclature follows Takamiya et al. 
(1997). Voucher specimens (Miyabe & Takamiya 1, 2) were deposited in the 
herbarium of Kumamoto University (KUMA). A distribution map based on 
Marsden (1979) and Takamiya et al. (1997) was prepared. Specimens deposited in 
the herbarium of Chinese Academy of Sciences, Beijing (PE) were also investigated 
and their data were added to this map. 


RESULTS 
Morphology 


The Korean plant is a summer-green and aquatic herb with a 3-lobed corm. Leaves 
are erect in stature and are light green with white bases that are expanded into semi- 
membranous wings. Stomata and four peripheral fibre strands are present. Internal 
hairs appear to be absent within the lacunae. Lacunae walls are mostly 2-cell thick; 
steles are well developed with three intrastelar canals. Trans-lacunar diaphragms are 
visible through the leaves. Ligules are elongate-triangular with cordate base. No 
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evidence of a labium or velum was noted. Sporangia are orbicular, oblong or 
elliptical. Sporangial walls are pale and translucent, sometimes spotted with clusters 
of thickened pigmented cell walls. 


Cytology 


The mitotic chromosome number of the two Korean plants was determined to be 2n 
= 44 (Fig. 2A), indicating a tetraploid. Consistently, 22 bivalents were observed at 
diakinesis and/or metaphase I during microsporogenesis (Figs 2B-C). Throughout 
the process of microsporogenesis, no irregularities were detected and microspores 
with normal appearance were ultimately produced. The mitotic chromosome 
number was reduced to half in microsporogenesis, indicating that plants should 
reproduce sexually. 


Spore ornamentation 


Proximal, lateral and distal faces of the megaspores are covered with disconnected 
cristate muri of an irregular height (Figs 3A-C). This megaspore pattern has 
accordingly been classified as cristate (Hickey, 1986). The muri vary from 5-10um 
in width and 10 - 30um in height, with an apex that is usually serrate. The muri are 
short and isolated on the proximal face. At high magnification, the surface is seen to 
be covered with fibrils 0.8um in diameter and 5.0um in length, which are densely 
intertwined. No abnormally shaped spores were observed. 

The microspore wall is covered with conical spines over proximal, lateral and 
distal surfaces (Figs 3D-F). This ornamentation pattern has been categorized as 
echinate (Tryon & Lugardon, 1990). These conical spines are 0.5-1.0um in basal 
diameter, 1.0-2.5um in height and about 15 per 100um? in density. Many granules 
are also scattered over the surface. 

The mean diameter of the megaspores is 405.3 + 39.02um [N = 50] and the 
mean length of the microspores is from 26.8 +1.02um [N = 100]. 


DISCUSSION 


From morphological, cytological and spore ornamentation analyses, the quillwort 
collected from Cheju Island, Korea is concluded to represent Jsoetes sinensis 
T.C.Palmer var. sinensis, as per Takamiya et al. (1997). 

Three species of Isoetes, I. asiatica (Makino) Makino, I. japonica A.Braun and 
the endemic J. coreana Y.H.Chung & H.K.Choi, were previously reported from the 
Korean flora (Park, 1942; Chung & Choi, 1986; Lee, 1989, 1996). Takamiya et al. 
(1997) indicate that the latter species occurs in several places of western Japan, and 
is better treated within the J. sinensis complex as I. sinensis var. coreana 
(Y.H.Chung & H.K.Choi) M.Takamiya, M.Watanabe & K.Ono. The present study, 
therefore, establishes J. sinensis var. sinensis as the fourth /soetes taxon in Korea. 
Isoetes sinensis var. sinensis was described from Nanking, China (Palmer, 1927) and 
is a sexual tetraploid (Takamiya et al., 1997). It occurs in China, Korea, and 
eastward to Kyushu, Japan (Fig. 1). With fewer than ten populations known in 
Japan it is in danger of extinction. Walter and Gillett (1998) listed it as a Vulnerable 
species in China and Japan. The population of J. sinensis var. sinensis on Cheju 
Island is the only known record for this taxon in Korea. This taxon, therefore, is 
likely of global conservation concern. 
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Figure 2. Mitotic and meiotic chromosomes of Korean Isoetes sinensis var. 
sinensis (Miyabe & Takamiya 2). A. Mitosis (2n = 44). B. Diakinesis, and 
C. Metaphase I of microsporogenesis (n = 22). Bar = 5um for all figures. 
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Figure 3. SEM micrographs of mega- and microspores of Korean [soetes sinensis 
var. sinensis (Miyabe & Takamiya 1). A-C. Megaspores. D-F. Microspores. A, D. 
Proximal view. B, E. Lateral view. C.F. Distal view. Bars = 100um in A-C. Bars = 
10 um in D-F. 
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Isoetes sinensis var. sinensis is the only tetraploid quillwort known in eastern 
Asia. The other taxa in this region include diploids (2n = 22) I. asiatica and 
I. taiwanensis De Vol, hexaploids (2n = 66) I. japonica and I. sinensis var. coreana, 
heptaploid (2n =77) I. michinokuana M.Takamiya, M.Watanabe & K.Ono, and 
octaploid (2n = 88) I. pseudojaponica M.Takamiya, M.Watanabe & K.Ono 
(Takamiya, 1999; Takamiya ef al., 1994, 1997). Isoetes sinensis var. sinensis, 
therefore, may be a key taxon for the clarification of speciation in eastern Asian 
quillworts. 

The muri in J. sinensis var. sinensis are variable, ranging from partly 
anastomosed, to sinuous and branched to unbranched, short and straight isolated. 
The megaspore muri of the Cheju Island population are lower and shorter than those 
of Chinese and Japanese material (Nasu & Seto, 1986; Watanabe et al., 1996). 

The megaspore surface morphology of the present materials is similar to that of 
Isoetes taiwanensis, an endemic diploid of Taiwan. Except for size, there are no 
substantial differences apparent in the microspore morphology between I. sinensis 
var. sinensis and I. taiwanensis. SEM studies by Britton and Brunton (1991) and 
Huang ef al. (1992) demonstrate that megaspore muni of J. taiwanensis are low and 
isolated, or rarely connected. This spore ornamentation pattern would be 
categorized as tuberculate to rugulate (Hickey, 1986). Proximal and _ lateral 
megaspores views of the Cheju Island /. sinensis var. sinensis population (Fig. 3A 
and 3B) are hardly distinguishable from those of I. taiwanensis from Figures 1c-f in 
Britton and Brunton (1991) and from Figures 4d and 4e in Huang et al. (1992). For 
analysis of speciation patterns in eastern Asian J/soetes, therefore, further 
phylogenetic comparisons between I. sinensis and I. taiwanensis would appear to be 
a potentially important area of research. 
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ABSTRACT 


Chromosomal analysis of eleven species (14 cytotypes) of ferns from 
the Nilgiris, south India has been made. All the species, except for 
Adiantum raddianum have been cytologically investigated for the first 
time from the Nilgiris. Microsorum membranaceum with n = 72 is a 
new cytotype for south India. 

Diploid (n = 57), tetraploid (n = 114) and octoploid (n = 228) 
sexual cytotypes are recorded for Adiantum raddianum from the 
Nilgiris. Additionally one sterile octoploid cytotype is also 
recorded. Colour variation of the sori in Jrigonospora caudipinna 
has been observed for the first time and it has been compared with 
another cyto-morphotype for Kothayar Hills, south India. From 14 
cytotypes of 11 species presently analysed, six cytotypes are diploids, 
four are tetraploids, two are octoploids, one is 16-ploid and 
another one is_ triploid apogamous. Sexual cytotypes account for 
85.71% while the incidence of polyploidy amongst the recorded 
cytotypes is 42.86%. 


INTRODUCTION 


Work on the cytology of ferns of the Nilgiris, south India was started in 1992 and the 
present paper reporting chromosomal analysis results for 11 species is a continuation 
of our earlier three papers ((lrudayaraj, Bir & Manickam, 1993; lrudayaraj & Bir, 
1994; Bir, lrudayaraj & Manickam, 1996) in which cytological information for 32 
species was given. 


MATERIALS AND METHODS 


Young, developing sporangia from fertile frond portions of wild plants were 
squashed in acetocarmine after being fixed in 1:3:6 mixture of chloroform, glacial 
acetic acid and 100% ethyl alcohol for 24 hours and then preserved in 95% ethyl 
alcohol. Meiotic chromosomes were observed in several cells for establishing the 
correct counts. In two cases mitotic chromosomes were also counted. Vouchers are 
deposited in the herbaria of St. Xavier's College, Palayarnkottai, Tamilnadu (XCH) 
and Enviommental Resources Research Centre, Thiruvanamthapuram (ERRC), both 
in south India. Details of exact localities for material of various species are set out in 
Table 1. 
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TABLE I. Chromosome numbers of some ferns* from the Nilgiris south India. 

* First report from the Nilgiris except Sp. No. 3b (see text for reports from other 
regions). **During meiosis in SMCs multivalents, bivalents and univalents are 
noticeable and the resultant spores are bad and abortive. +First report from India. 
++First report from south India. 


altitude number/s | number reproduction 
1 Sholur, ERRC n=’2n’=90 triploid 
arifolia (Burm.f.) 1,500 m 4160 (Fig. 1A) apogamous 
Panigrahi 
lunulatum Burm. 1,300 m 4292 sexual 
) Adiantum (a) Kothagiri tetraploid 


raddianum 1,800 m sexual 
C.Presl 


Kothumundi 
1,800 m 


tetraploid 
sexual 


(b) Nadugani 
1,300 m 


octoploid 
sexual 


2n=228 
(meiosis 
irregular) 


(c) Kothagiri 
1,800 m 


octoploid 
sterile**+ 


n=228 
(Fig. 1B) 


(d) Sholur 
1,500 m 


16-ploid 
sexual+ 


a Nephrolepis Keelnadugani | ERRC n=41 diploid 
multiflora (Roxb.) | 1,300 m 4188 sexual 
F..M. Jarrett 
articulatum 1,300 m 

il Trigonospora Nadugani- XCH n=36 diploid 
caudipinna Gena pool 1589 (Fig. 4A) sexual 
polypodioides 1,300 m 


pozoi (Lagasca) 1,500 m 4248 sexual 

K.lwats. 

Pronepherium Keelnadugani | ERRC n=36 diploid 
4204 sexual 

(Houlston & T. 

Moore) Holttum 

(Ching) Sledge Forest 

Diplazium Keelnadugani | ERRC n=41 diploid 
4205 sexual 

Blume 

(non Diplazium 

polypodioides 


auct. of the 
Himalaya) 
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TABLE I cont. Chromosome numbers of some ferns* from the Nilgiris south 
India. 

* First report from the Nilgiris except Sp. No. 3b (see text for reports from other 
regions). **During meiosis in SMCs multivalents, bivalents and univalents are 
noticeable and the resultant spores are bad and abortive. +First report from India. 
++First report from south India. 


Locality & Voucher Chromosome | Ploidy & 
No. | species altitude number/s | number reproduction 


Diplazium Keelnadugani | ERRC n=41 diploid 
esculentum 1,300 m 4203 sexual 
(Retz.) Sw. 

—figeinmooc {ism aim | tt 
laciniatum D.Don | 1,500 m 4177 sexual 
Microsorum Keelnadugani | ERRC tetraplod 


membranaceum 1,300 m 3 sexual++ 
(D.Don) Ching 


RESULTS AND DISCUSSION 


Information about the recorded chromosome numbers, level of ploidy and mode of 
reproduction for the 14 taxa (11 species) analysed is provided in Table 1. There is 
only one triploid apogamous fern and one octoploid sterile fern while all the rest are 
characterised by sexual reproduction with the production of 64 normal spores per 
sporangium. These spores look well-filled, healthy and functional. Amongst the 
sexual taxa are included six diploids, four tetraploids, one octoploid and one 16-ploid 
(Table 1). 


I. Parahemionitis arifolia (Burm.f.) Panigrahi, Indian Fern J. 9(1-2):224. 1992 
(1993), Amer. Fern J. 83(3):90. 1993. 
Hemionitis arifolia (Burm.f.) T. Moore 


This common fern of Tamilnadu and Kerala States of south India grows abundantly 
in the Nilgiris at 1,000-2,000m altitude on fully exposed roadside rocks or in forest 
clearings in full or partial shade. Very often vegetatively produced plantlets are seen 
in the notch or deep sinus of the sterile leaf where the petiole joins the lamina. 

Sholur material is triploid and apogamous as it shows 90 ‘bivalents’ in spore 
mother cells (SMCs) from 8-celled sporangia ( Fig. I A) and each of such sporangia 
has extremely regular meiosis producing 32 viable spores. On the other hand, the 
SMCs forming 16-celled sporangia show highly irregular meiosis with usually 30 
bivalents +30 univalents (variations in their number are not infrequent) giving 
2n= 90. The ratio of 8-celled and 16-celled sporangia per unit fertile area is usually 
5:1 but different populations of the species show highly variable ratios not only from 
the Nilgiris but also from elsewhere since the number of 8-celled and 16-celled 
sporangia depends upon the degree to which the apogamy has been established. This 
triploid apogamous fern is extremely common in south Indian mountains because of 
vegetative propagation (Bir & lrudayaraj, 1991:159-160, Fig. 1). 
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The majority of the reports for the species pertain to its triploid apogamous 

Figure 1. Meiosis in spore mother cells. Scale bar = 20um for A-B. 
A. Parahemionitis arifolia (Burm.f.) Panigrahi, with n=‘2n’=90. B. Adiantum 
raddianum C.Presl, n=228. 


nature with n = ‘2n’ = 90 = 3x (Abraham, Ninan & Mathew, 1962; Ghatak, 1977; Bir 
& Vasudeva, 1979; lrudayaraj & Manickam, 1987; Manickam & Irudayaraj, 1988) 
but Mathew (in Fabbri, 1965:689) and Kuriachan & Ninan (1976) recorded it as 
tetraploid apogamous withn= '2n' = 120. The species exhibits highly variable 
plant and leaf size because it can grow abundantly on rocks both in fully shaded and 
partially shaded or even exposed situations along roadsides. Morphological 
variations are very evident in triploid apogamous plants from the Nilgiris as well as 
Kothayar Hills. Tetraploid apogamous material was not available for comparision. 
The origin of these two apogamous cytotypes is still unknown. 


2. Adiantum lunulatum Burm. f., Fl. Indica. 235. 1768. 
Adiantum philippense L. 


This is the most widely distributed fern on the Indian subcontinent, being reported 
from the Himalaya and western, central, and southern Indian mountains. In the 
Nilgiris, it is a common occupant of moist shaded situations such as roadside earth 
cuttings and slopes as well as the crevices of moist rocks and often forms small or 
large colonies. The triploid apogamous form (n = '2n' = 90) has the widest 
distribution but diploid sexual (n = 30), diploid apogamous (n ='2n' = 60) and 
tetraploid sexual (n = 60) forms are also recorded (Bir & Verma, 1989). 

The Nilgiris material from Keelnadugani is tetraploid sexual, (n = 60) like the east 
Himalayan material (Darjeeling: Verma, 1961) and south Indian material (Peermade 
and Ponmudi, Western Ghats: Abraham, Ninan & Mathew, 1962). The species shows 
a wide range of morphological variaitons and comparison of the tetraploid sexual 
from the Nilgiris and triploid apogamous specimens from PUN did not yield any 
significant morphological differences. 
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3. Adiantum raddianum C.Presl, Tent. pterid. 158. 1836. 
Adiantum cuneatum Langsd. & Fisch. 


It commonly grows on stony clearings in fully or partially shaded situations in a 
broad altitudinal range of 500-1,800 m in the Nilgiris but is very common between 
1,500-1,800m. Often this fern is abundant in moist localities of the sholas. It 
provides very interesting results in the fact that three sexuai cytotypes (n = 57 = 4x, 
n= 114 = 8x and n = 228 = 16x) and one sterile cytotype (2n = 228 = 8x) have been 
encountered from different localities in the Nilgiris (see Table 1). The 8x sexual 
recorded from Nadugani (1,300 m) confirms our earlier count of n = 114 from 
Conoor 1,600 m (Bir, lrudayaraj & Manickam, 1996). Assuming basic chromosome 
numbers of x = 29, 30 for Adiantum, cytotypes with n = 57, 114, 228 are all 
aneuploids. In all probablity, cytotypes with n = 114 and n = 228 are polyploids 
based on n = 57 and may possibly be autoploid in origin although both form 
bivalents at meiosis. An autopolyploid origin of tetraploid Asplenium rutamuraria 
L. and tetraploid A. septentrionale (L.) Hoffm., both with 72 bivalents was clearly 
demonstrated by Lovis (1964). Support for an autoploid origin in Adiantum 
raddianum comes from the preliminary RAPD (Random Amplification of 
Polymorphic DNA) analysis by means of Polymerase Chain Reaction (PCR) 
undertaken by Dr. Helena Korpelainen (Helsinki) on plants with n= 114. The results 
indicated that octoploid plants with n = 114 are possibly the autoploids from 
telraploid plants with n = 57 (pers. comm. to V. lrudayaraj). Taking this clue one 
could assume that 16-ploid plants with n = 228 (Fig. IB) may also be of autoploid 
origin from those with n = 114. Earlier reports of the same species or under the name 
A. cuneatum Langsd & Fisch. record n = 57, 2n = 114, 4x (Abraham, Ninan & 
Mathew, 1962); n = 58, 4x (Ghatak, 1977); n ='2n' = 87, 3x apogamous (Ghatak, 
1977); n = 60, 2n=120, 4x (Roy & Sinha, 1961, 1962); n = 60,4x (Bir & Vasudeva, 
1979; lrudayaraj & Manickam, 1985); and n = 114, 8x (Manickam, 1984; Bir, 
lrudayaraj & Manickam, 1996). These indicate the role of ‘aneuploidy’ at at least the 
4x level leading to evolution of an array of chromosome numbers in the ' species' 
which is polymorphic morphogenetically. The question of the origin of tetraploid 
plants with n = 57, 58 and 60 is intriguing. It seems possible that there may exist in 
nature three types of diploid individuals of A. raddianum with n = 28, n =29 and n= 
30, and diploid individuals with n = 28 and n = 29 produced tetraploid plants with n 
= 57 through allopolyploidy while diploid plants with n = 29 and n = 30 produced 
tetraploid plants with n = 58 and n = 60 through autopolyploidy as explained above 
for 8x and 16x plants. 

Bir, lrudayaraj & Manickam (1966) noted that the Nilgiris, Shevaroy and Western 
Ghats (possibly Yercad) materials of octoploid sexual (n = 114) exactly resemble one 
another. As far as 4x, 8x and 16x plants and also 8x sterile plants of A. raddianum 
are concerned, they do show some variations in morphology (Figs 2A-B, 3A-B) 
since there are differences in their habitats. Tetraploid plants grow in fully exposed 
places on dry soil as solitary plants or forming isolated small colonies. These tend to 
grow even on exposed rocks. In contrast, the octoploid plants grow along shaded 
roadsides on wet soil, intermixed with many other ferns, forming large colonies. The 
association of other ferns with the tetraploid cytotype is very much limited as 
compared with octoploid plants. The sterile cytotype shares the same habitat of 
octoploid sexual cytotype. The 16-ploid cytotype grows among or beneath the tea 
bushes. 
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Figure 2. Laminae from vouchers of tetraploid and octoploid sexual cytotypes of Adiantum 


raddianum C.Presl. A. ERRC 4214 with n=57. B. ERRC 4198 with n=114. 


4. Nephrolepis multiflora (Roxb. ) F.M.Jarrett ex Morton, Contrib. U.S. Natl. Herb. 
38:309.1974 
Davallia multiflora Roxb. 


It commonly grows in small or large colonies at low altitudes and is at its best in the 
crevices of rocks or masonry in fully exposed situations. The material from 
Keelnadugani is diploid sexual with n = 41 while the earlier reports by Kuriachan 
(1968) for south Indian material indicate the presence of two cytotypes with 2n = 82, 
2x;n= 82, 2n =164, 4x. 


BIR & IRUDAYARAJ: CYTOLOGY OF NILGIRIS FERNS IV 183 


=228. 


Figure 3. Laminae from vouchers of octoploid sterile and 16-ploid sexual cytotypes of Adiantum 
raddianum C.Presl. A. ERRC 4218 with 2n=228 (irregular meiosis). B. ERRC 4227 with n 


5. Stegnogramma pozoi (Lagasca) K.Iwats., Acta Phytotax. Geobot. 19:124. 1963. 
Leptogramma totta J.Sm. 


This tetraploid sexual species, exhibiting 72 bivalents in SMCs is a common fern of 
the Nilgiris growing between 1,200-1,500 m along shaded or partly exposed stream 
banks in the shola forests' interiors or at their edges. The recorded number n = 72 
agrees with earlier reports from south India (Palni Hills: Bir & Vasudeva, 1978, 
1979; Manickam & Irudayaraj, 1988; Shevaroy Hills: Ghatak, 1977) as well as 
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western Himalaya (Khullar, Sharma & Singh, 1983). Manton & Sledge (1954) have 
reported a diploid cytotype (n = 36) from Sri Lanka. 

According to Kunze (1851) and Sledge (1981) the Nilgiris plants belong to the 
variety mollissima (Kunze) Sledge. However, lrudayaraj, Manickam & Dominic 
Rajkumar (1996) suggested that infraspecific division/s in this species cannot be 
established due to the presence of great morphological variations amongst 
individuals of different populations form south India. 


6. Pronephrium articulatum (Houlston & T.Moore) Holttum, Blumea 20:116.1972. 


This rare fern of the Nilgiris was observed a few times between 1,000-1,300 m 
growing alongside fully shaded small water channels. As in Pseudocyclosorus 
tylodes (Kunze) Ching, the sori are pink in colour. The present material from 
Keelnadugani is diploid sexual with 36 bivalents in SMCs. The only previous report 
of cytology from south India is from Anamalais by Manickam & Irudayaraj (1989, 
1990). This diploid species possesses a massive ascending rhizome in contrast to the 
related tetraploid species Pronephrium triphyllum (Sw.) Holttum that has a long 
creeping rhizome (Manickam & lrudayaraj, 1990). 


7. Trigonospora caudipinna (Ching) Sledge, Bull. Brit. Mus. (Nat. Hist.) Bot. 
8(1):15. 1981. 
Lastrea calcarata var. ciliata Bedd. 


This fern grows well along roadsides as well as inside the forests of the Nilgiris 
between 750-1,600 m. It is delimited with difficulty from T. ciliata (Wall. ex. 
Benth.) Holttum found at 1,000-1,400 altitude. The basal pinnae are not reduced in 
T. caudipinna wheras three pairs of basal pinnae are progressively reduced in the 
other species i.e. T. ciliata. Also the pinnae lobes are cut down to three- quarters of 
the way to the costa in the former and in the latter they are cut half-way to the costa. 
Indusia in both Trigonospora species are covered with acicular hairs. Plants from 
Nadugani-Gena Pool Forest show 36 bivalents in SMCs (Fig. 4A) indicating these to 
be diploid sexual. Previous reports from south India pertain to diploid sexual (n = 36) 
from Tirunelveli Hills and Munar (Manickam & Irudayaraj, 1988) and tetraploid 
sexual (n = 72) from Kothayar Hills (Manickam & lrudayaraj, 1988). 

A great degree of variation in morphology of various individuals is exhibited by 
the species. This manifests itself in the size of the plant, degree of lobing of the 
pinnae and the amount of pubescence in the south Indian poplulations of the species 
(Manickam & lrudayaraj, 1992 and the authors' field observations). Variation in soral 
colour at a young stage has also been observed. The Nilgiri plants exhibit the usual 
yellowish green sori of the diploid sexual (n = 36) while the tetraploid sexual ( n = 
72) plants from Kothayar Hills show pink colour of the sori. Cytological status of the 
Kothayar Hills plants was re-affirmed during the present study also (Fig. 4 B). 
Chromosomal analysis of another collection from Kallar (ERRC4136), Kerala State, 
showed that the plants have yellowish green sori and are of diploid sexual status like 
the Nilgiris plants. There seems to be a correlation between ploidy level and colour 
of the sori. With the aim of determining the influence of altitude and other 
enviommental factors on soral colour, a plant with pink coloured young sori was 
transplanted from Kothayar 1,100m to Thiruvananthapuram (Trivandrum), 500m 
altitude. The rhizome produced few fronds within three weeks (though stunted) but 
with pink coloured sori. But this type of soral colour and ploidy level correlation 
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needs to be confirmed on the basis of intensive field study at the population level. 
Both the diploid sexual plants with green coloured sori and the tetraploid sexual 
plants with pink coloured sori have typically erect rhizomes. However, the 4x plants 
from Kothayar are characterized by massive rhizomes and are more than a metre in 
height. 

Preliminary Thin Layer Chromatography and High Performance Liquid 
Chromatography studies (Britto, Manickam & Gopal Krishnan, 1994) on different 
cytomorphotypes of this species complex indicated an autopolyploid origin of the 
tetraploid cytotype because of the presence of similar types of band patterns in the 
two cytotypes. 


8. Diplazium polypodioides Blume, Enum. pl. Javae 194. 1828, non Diplazium 
polypodioides auct. of the Himalaya. 


True Diplazium polypodioides is endemic to south India and Sri Lanka and reports of 
its occurrence in the Himalaya are erroneous (see Bir & lrudayaraj, 1992). This 
large-sized terrestrial fern is abundant between 1,000-1,400m altitude and prefers to 
grow along fully or partially shaded water courses. Often, it may be found in the 
deforested areas too, but here the plants exhibit stunted growth. It shows 41 bivalents 
in plants from Keelnadugani (1,300m) and the result is in agreement with the reports 
of Bir (1965), Manickam (1984) and Manickam & Irudayaraj (1988) from Palni 
Hills, south India. Sankari Ammal & Bhavanandan (1993) carried out karyotypic 
analysis and recorded 2n = 82 (2 pairs of M, 12 pairs of m, 14 pairs of sm, 13 pairs 
of st chromosomes). The identity of the Himalayan fern hitherto named Diplazium 
polypodioides auct. has been established to be D. frondosum (Wall. ex C.B. Clarke) 
Christ which is also diploid sexual, n = 41 (Bir & lrudayaraj, 1992). The tetraploid 
cytotype (n = 82) attributed to D. polypodioides (Sankari Ammal & Bhavanandan, 
1990) from Iduki, Kerala is in all probability D. polypodioides Blume var. 
brachylobum Sledge [D. brachylobum (Sledge) Manickam & lrud.]. This is also 
recorded as a tetraploid sexual from Palni Hills (Manickam, 1984). It is characterised 
by having secondary pinnae lobed 1/3 - to 1/2 - way to the costa and entire or 
subentire indusia in contrast to secondary pinnae lobed nearly up to the costa and 
finely fimbriate indusia in D. polypodioides Blume (Bir & Irudayaraj, 1992). 


9. Diplazium esculentum (Retz. ) Sw., J. Bot. (Schrader) 1801(2):312. 1803. 
Hemionitis esculenta Retz., Anisogonium esculentum C.Presl 


Diplazium esculentum is more commonly found in the open places alongside streams 
or water courses right from the foot of the Nilgiris and reaching up to 1,500m. The 
material from Keelnadugani where this fern grows in abundance along a stream in a 
large colony is diploid sexual (n= 41). All the reports from south India (Abraham, 
Ninan & Mathew, 1962; Bir, 1965; Ghatak, 1977; Bhavanandan, 1981; Manickam, 
1984; Manickam & Irudayaraj, 1988) and elsewhere from India i.e. Himalaya, 
Parasnath Hills, western India, central India (Bir & Verma, 1989) record it as n = 41, 
2n = 82. Bhavanandan & Sankari Ammal (1991) record it as tetraploid sexual with 
n = 82 from Achancoail, Kerala. The two cytotypes cannot be differentiated on the 
basis of size or other morphological features because of morphological variation 
found in the diploid taxon. Small simply pinnate fronds on a short rhizome as well as 
large sized bipinnate fronds on up to 60 cm erect rhizome have been found to be only 
diploid in the Himalaya and central India. 
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Figure 4. A-C Meiosis in spore mother cells. Scale bar = 20um for A-C. 
A. Trigonospora caudipinna (Ching) Sledge, diploid cytotype showing n=36 (XCH 
1589). B. Trigonospora caudipinna (Ching) Sledge, tetraploid cytotype from 
Kothayar Hills showing n=72. Confirmed from counting 144 chromosomes in the 
root tip. C. Microsorum membranaceaum D.Don, n=72. 


10. Asplenium laciniatum D.Don, Prod. fl. Nepal. 8. 1825. 
Asplenium varians Wall. ex. Hook. & Grev. 


This small-sized, herbaceous spleenwort is a very rare fern of south India but was 
described by R.H. Beddome (1864: t.129) in Ferns of Southern India as Asplenium 
varians. It grows on moist, shaded substrate between 1,200-1,500m and can easily be 
overlooked because of it being intermingled with grasses as it grows on shaded rock 
boulders. 

Hitherto, the name A. varians Wall. ex Hook. & Grev. had long been accepted for 
this fern but in 1973 C.V. Morton observed "Jt is indeed unfortunate, that the 
application of the name A. laciniatum D.Don must be changed, but I see no 
alternative". The herbarium sheet of the holotype of A. laciniatum D. Don at BM has 
a number of plants numbered as "1", "2" and "3". The three plants numbered "2" 
are on the left centre and are collected from Nepal by Wallich in 1817 and this 
information is the same as given by Hooker & Greville (1830: t.178) for their 
Asplenium varians. These specimens agree with Hooker & Greville's figure as 
verified by the author during his visit to BM in 1980 by examining the holotype. 
Morton (1973) is sure that the true A. laciniatum described by D. Don (1825) is 
identical with the plants described as A. varians Hook. & Grev. as referred to above. 
Thus on the basis of holotype identity and priority of publication dates, A. varians 
becomes a synonym of A. laciniatum (see also Singh & Bir, 1989) and the 
Himalayan plant so commonly called A. laciniatum D. Don is named by Morton 
(1973) as A. gueinzianum Mett., though tentatively. The late Professor T. Reichstein 
from Basel, Switzerland was opposed to this name change (pers. comm. to S.S. Bir). 

This rare fern grows on small stones on the forest floor and the present record of 
diploid sexual with n = 36 is in conformity with the previous reports from south 
India: Kodaikanal (Bir, 1965), Eastern Ghats (Manickam & lrudayaraj, 1988; 
Ghatak, 1977) and Western Ghats (Kuriachan, 1978). Diploid sexual cytotype is also 
recorded from Palni Hills (Bir, 1965). Both diploid (n = 36) and tetraploid (n = 72) 
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cytotypes are recorded from the Himalaya; eastern as well as western region (Bir & 
Verma, 1989). Comparision of the diploid and tetraploid sexual cytotypes from 
Sikkim State in the eastern Himalaya (2 x: PUN 2000, 4 x: PUN 1997, 1999) do not 
show any pronounced morphological differences. Only the extremes are distinct and 
the detection of various cytotypes in the field is very difficult. The stomata and 
epidermal cells are not much different. However, the 4x plants may show larger size 
of the lamina, greater number of pinnae (also larger), larger acroscopic pinnae, 
greater number of annulus cells per sporangium and slightly larger sized spores as 
compared with the diploid plants but size ranges sometimes do overlap. Kodaikanal 
diploid plants (PUN 4795) are not in any way morphologically different from the 
Himalayan counterparts (PUN 641-643, 2000, 2730,2731, 2840, 4180, 5085, 5086) 
as investigated by S.S. Bir during the 1950s and the 1960s. It is interesting to point 
out that recently only 4x sexual plants are recorded by Bir (1994) and Bir, lrudayaraj 
& Singh (1994) from Kulu, Simla, Mussoorie-Chakrata, Almora and Pithoragrah 
region in the western Himalaya. 


11. Microsorum membranaceum (D. Don) Ching, Bull. Fan. Mem. Inst. Biol. 
(Bot.) 4:293-352. 1933. 


The simple leaved polypod Microsorum membranaceum (D. Don) Ching is an 
occupant of either shaded boulders or the bases of forest tree trunks but is fairly rare 
in south Indian forests as well as the Nilgiris. The fronds hang majestically from 
shaded rocks alongside forest paths. The epiphytic plants from Keelnadugani show 
72 bivalents in SMCs _ (Fig. 4 C). So far only the diploid cytotype (n = 36) is 
recorded from south India (Kuriachan, 1968; Manickam, & lrudayaraj, 1998) and the 
present report is the first record of tetraploid plants from the Nilgiris. From the 
Himalaya and central India only the diploid sexual, (n = 36, 2n = 72) is recorded (Bir 
& Verma, 1989) although from Parasnath Hills numbers recorded are n = 37, 2n = 74 
(Bir & Verma, 1989). However, from western India Mahabale & Kamble (1981) 
record the tetraploid with n = 72. Both the cytotypes are morphologically 
indistinguishable from each other. Himalayan fronds varying between 20-100 cm in 
length all have diploid status. 


CONCLUDING REMARKS 


Finally, it may be pointed out that so far cytological results have been obtained from 
the Nilgiris for 42 fern species (cf. Bir, lrudayaraj & Manickam, 1996 and the present 
investigations). An analysis shows that amongst these there are 18 diploid sexual, 
five triploid apogamous, 16 tetraploid sexual, two octoploid sexual and one 16-ploid 
sexual species. The incidence of polyploidy comes to 57.15% and apogamy is 
11.90%. Additionally, there are three cytotypes (4x, 8x sterile and 16x) in the case of 
Adiantum raddianum (see Species No. 3 in text and Table I ) and overall polyploid 
taxa are 60% and hybrids including apomicts are 13.33%. Bir (1973) presented a 
total chromosomal analysis of south Indian Pteridophytes with 56.9% polyploid taxa 
and the highest grade of recorded polyploidy being at 8-ploid level. For the Nilgiris 
ferns that have so far been chromosomally analysed, the incidence of polyploidy is 
nearly the same but the highest grade of polyploidy is at the 16-ploid level in case of 
two species, namely Trichomanes schmidianum Zenker ex Taschn. (Bir, Irudayaraj & 
Manickam, 1996) and Adiantum raddianum C.Presl (the present investigations). 

It may be noted that amongst the fern species dealt with here. Adiantum 
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lunulatum Burm. is used in Ayurvedic and Unani system of medicine (Henry, 
Hosagoudar & Kumar, 1996). Several cytotypes are now known for this fern. This is 
also the case with several other fern species which are used in Ayurveda. With the 
availability of a variety of cytotypes for medicinal ferns in India, it is essential to 
locate the suitable cytotype for determining the maximum efficacy of the fern drugs. 
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ABSTRACT 


New distribution data and habitat details on ten species of 
pteridophytes unrecorded in the islands of S40 Tomé and Principe for 
the last 40 to 100 years are presented. 


FINDINGS 


During a botanical expedition to the islands of Sao Tomé and Principe (Gulf of 
Guinea) in July 1999 (Figueiredo, Arriegas & Chozas ) several pteridophytes were 
collected. Some had not been recorded in these islands for the last 40 to 100 years. 
These new findings expand the distribution areas of some taxa, treated in previous 
work (Figueiredo, 1998), and provide better information for the evaluation of their 
conservation status. 


1. Asplenium lividum Mett. ex Kuhn, Linnaea 36: 100. 1869. 


SAO TOME: Mendes Leite, Valley of Rio Contador, 600m alt., 25 July 1999, 
Figueiredo, Arriegas, Chozas & Gascoigne 170 (LISC). 

On the humid and shaded slopes at the edge of a path, in secondary forest. Not 
recorded since 1932. 


2. Asplenium unilaterale Lam., Encycl. 2: 305. 1786. 


SAO TOME: Milagrosa to Zampalma, 690m alt., 27 July 1999, Figueiredo, Arriegas 
& Chozas 184 (LISC); Macambrara to Zampalma, 850m alt., 30 Sept. 1997, Lejoly 
97/334 (LISC). 

On a humid and shaded road edge (Figueiredo, Arriegas & Chozas 184), and in 
dense rainforest (Lejoly 97/334). Not recorded since the 19th century. 


3. Bolbitis acrostichoides (Afzel. ex Sw.) Ching in C. Chr., Index filic. Suppl. 3: 47. 
1934. 


SAO TOME: Milagrosa to Zampalma, 690m alt., 27 July 1999, Figueiredo, Arriegas 
& Chozas 183 (LISC). 


Collected on a humid and shaded road edge. Not recorded since the 19th century. 
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4. Coniogramme africana Hieron., Hedwigia 57: 293. 1916. 


SAO TOME: Bom Sucesso to Lagoa Amélia, 1153-1483m alt., 15 July 1999, 
Figueiredo, Arriegas, Chozas & Oliveira 145 (LISC); Macambrara to Zampalma, 
920m alt., 30 Sept. 1997, Lejoly 97/331 (LISC); Lagoa Amélia, 1430m alt., 4 Oct. 
1997, Lejoly 97/365 (LISC); Calvario, 1550m alt., March 1998, Oliveira 451 (LISC); 
Lagoa Amélia, 1300-1400m alt., 28 June 1991, Paiva 57 & 63 (COI). 


Occurs in primary and secondary rainforests and on the edges of forest paths and 
roads. It has also been collected on the edge of a crater (Lejoly 97/365). Although it 
was not recorded since the 1950’s, this species is not rare and has been collected 
several times recently. 


5. Lomariopsis hederacea Alston, J. Bot. 72, Suppl. 2: 5. 1934. 


SAO TOME: Bom Sucesso to Lagoa Amélia, 1150-1480m alt., 15 July 1999, 
Figueiredo, Arriegas, Chozas & Oliveira 143 (LISC); Vale Carmo to Pico Maria 
Fernandes, 290m alt., 10 Nov. 1995, Carvalho 1 (LISC). PRINCIPE: E slopes of 
Pico, 500-800m alt., 4 April 1999, Gascoigne 25 (LISC). 


Occurs in primary and secondary forests and it has also been collected near forest 
paths. It was not recorded since 1932 and it is a new record for the island of Principe. 
All cited specimens are sterile. According to A. Gascoigne (pers. comm.) this species 
is common in the islands. The lack of collections may be due to the fact that sterile 
specimens are usually not collected. Possibly fertile specimens are restricted to tree 
canopies where they are epiphytes, and not within reach of collectors. 


6. Pellaea doniana Hook., Sp. fil. 2: 137, t. 125 fig.A. 1858. 


SAO TOME: Mendes Leite, Valley of Rio Contador, 595m alt., 25 July 1999, 
Figueiredo, Arriegas, Chozas & Gascoigne 166 (LISC). 


On a humid, shaded and rocky slope at the edge of a path, in secondary forest. 
Although it was recently (1973) collected in a small islet in the south of the island, it 
has not been collected in the island itself since the 19th century. 


7. Pteris pteridioides (Hook.) F. Ballard, Kew Bull. 1937: 348. 1937. 


SAO TOME: Bom Sucesso to Lagoa Ameélia, 1150-1480m alt., 15 July 1999, 
Figueiredo, Arriegas, Chozas & Oliveira 139 (LISC). 


On the shaded and humid edge of a path in the rainforest. Not recorded since 1913. 
It is possible that collectors have overlooked this fern due to its superficial similarity 


to Pteris paucipinnata, a species more common in the island, also found in this 
locality. 


8. Selaginella molleri Hieron. in Engl. & Prantl, Nat. Pflanzenfam. 1(4): 697. 1901. 


SAO TOME: Milagrosa to Zampalma, 690m alt., 27 July 1999, Figueiredo, Arriegas 
& Chozas 185 (LISC); Milagrosa to Bombaim, 490m alt., 28 July 1999, Figueiredo, 
Arriegas & Chozas 194A (LISC). 


On the rocky, wet walls bordering a waterfall (Figueiredo, Arriegas & Chozas 194A) 
and in humid, rocky slopes on the edge of roads (Figueiredo, Arriegas & Chozas 
185). Not recorded since 1932. 


FIGUERIDO: NEW RECORDS FROM SAO TOME AND PRINCIPE 193 


9. Trichomanes erosum Willd., Sp. pl. 5: 501. 1810. 


SAO TOME: Vale Carmo, 180m alt, 17 July 1999, Figueiredo, Arriegas, Chozas & 
Gascoigne 158 (LISC). 

Collected in a very shaded and humid area of the rainforest, on a rock. Not recorded 
since the 1950's. 


10. Trichomanes radicans Sw., J. Bot. (Schrader) 1800 (2): 97. 1801. 


SAO TOME: Bom Sucesso to Lagoa Amélia, 1153-1483m alt., 15 July 1999, 
Figueiredo, Arriegas, Chozas & Oliveira 138 (LISC); Bom Sucesso to Lagoa 
Amélia, 1250m alt., 25 Sept. 1997, Lejoly 97/228 (LISC); Bom Sucesso to Morro 
Claudina, 1250m alt., 2 Oct. 1997, Lejoly 97/353 (LISC); Estagao Souza, 1460m alt., 
March 1997, Oliveira 465 (LISC); Esperanga, 29 June 1991, Paiva 95 (COI). 

Occurs in primary rainforest and it has also been found near the edges of paths in 
secondary forests. Not recorded since 1932. 
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BOOK REVIEW 


BRACKEN FERN: TOXICITY, BIOLOGY AND CONTROL. J.A.Taylor and 
R.T.Smith (Eds). 2000. 218pp. International Bracken Group, Leeds. Price £40.00 
(including postage and packing). ISBN 0 9525505. Softback. 


This volume is the fourth to be published by the International Bracken Group and 
includes contributions to Bracken’99, the fourth International Bracken Conference, 
held in Manchester in July 1999. It consists of 40 papers arranged in five sections 
reflecting the broad research and interest that this problem weed engenders. The first 
section consists of two introductory scene setting chapters, which commence with a 
brief but useful overview of the spread of bracken, the associated and perhaps 
heightened risks and what can realistically be achieved, followed by a look at GIS 
(Geographical Information Systems) visualisation techniques and their potential for 
analytical use on Bracken spread, control, etc. The second section is allegedly 
devoted to taxonomy, although the paper by Alonso-Amelot and co-workers is a 
phytochemical and autecological study of two Bracken taxa in northern South 
America and is clearly misplaced here. The remaining papers are a rather mixed bag 
ranging from brief regional observational studies desperately in need of editing and 
proofing (a common failing), to a weighty global synthesis of the genus using both 
molecular and morphometric analyses. J.A. Thomson’s global perspective is long 
overdue and very welcome! It still leaves many questions unanswered and gives 
sufficient leeway for splitting and lumping factions still to claim support for their 
positions. This section concludes with a multi-gene molecular study of British and 
North American material by W. Speer which clarifies the relationships of 
latiusculum type plants in Britain and finds no support for the recognition of 
P. pinetorum at specific rank and brief papers by N.I.Shorina & O.N.Perestoronina 
and E.Ershova on the Bracken(s) of European Russia and the Caucasus, and Siberia, 
respectively. The first of these reduces pinetorum to varietal rank under P.aquilinum 
but this solution fails to show that the relationship is with Jatiusculum not aquilinum 
sensu stricto. We are also introduced to P. tauricum (C.Presl) V.Krecz. a taxon 
previously treated in Flora Europaea at subspecific rank under P. aquilinum as subsp. 
brevipes (Tausch) Wulf. The relationship of this to earlier described taxa from the 
Caucasus and recognition at specific rank will I’m sure form the basis of further 
work. As one who has published on Bracken taxonomy I know the strength of feeling 
and polarity which exists over the recognition and rank, at least of some of the more 
recently described British taxa. The editors, perhaps wisely, refrain from explicitly 
coming down on a particular side in this compilation but the inclusion of a foreword 
by C.M. (sic). Page, who wasn’t at the meeting and the exclusion of an abstract for a 
paper that was presented by Ashcroft et al. has been seen by some as tacit support for 
the splitting camp! At least the various merits of the arguments are here presented for 
the impartial observer to decide. 

Section three focuses on Bracken phytochemistry with three papers looking at the 
occurrence of various carcinogenic glucosides and related compounds, their wider 
distribution in related ferns and the factors which might effect their abundance ... 


Continued on p. 200 
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ABSTRACT 
Five pteridophytes, Huperzia dixitiana, Plagiogyria glauca, 
Leucostegia immersa, Woodsia manchuriensis and Cheiropleuria 
bicuspis, are reported here as new records for Sichuan, China. 


INTRODUCTION 


Sichuan, located in southwest China and with 560,000 km? territory, is very rich in 
not only seed plants but also pteridophytes. There are c. 736 species of ferns and 
fern-allies in Sichuan (Kung, 1984). The pteridophyte flora of Sichuan is 
characterised by the abundance of Polystichum Roth (Dryopteridaceae), Dryopteris 
Adans (Dryopteridaceae) and Athyrium Roth (Athyriaceae) etc., and it is an 
important part of the Polystico-Dryopteris flora (Kung, 1984). With the publication 
of Flora Sichuanica volume 6 (Kung, 1988) and many other recent studies (Kung, 
1984; Kung et al., 1995a, 1995b; Zhang, 1994; Zhang et al., 1995a, 1995b; Kung & 
Zhang, 1996; Zhang & Kung, 1998a), the knowledge of the pteridophyte flora of 
Sichuan has been improved. However, new members of this flora are always being 
found. This is a report of five new recorded pteridophytes with interesting 
geographical distributions from Sichuan: 


1. Huperzia dixitiana P.Mondal & R.K.Ghosh, Fern Gaz. 15 (2): 72. f. 1 & 2. 1995. 


Specimen cited: CHINA. Sichuan: Kangding, on rocks, alt. 3620 m, 17 Sept. 1934, 
Zheng-Shu Liu 1542 (PE). 


Distribution: China: Tibet (Mondal & Ghosh, 1995), Sichuan; Sikkim, Nepal and 
Burma (Mondal & Ghosh, 1995). 


In our study of Huperzia Bernh. sect. Serratae (Rothm.) Holub (Zhang & Kung, 
2000), we noticed the specimen cited here. 

This is a small Huperzia and looks like H. selago (L.) Bernh. ex Schrank & Mart 
(Zhang & Kung, 1998b), but it has teeth in the apical region of the leaves. However, 
our specimen differs from the type (photo) of H. dixitiana in that the leaves are 
mostly flat instead of incurved. Perhaps it is an old individual. 

Kangding, with the coordinates of 30°03'00"N and 102°02'00E, forms the western 
and northern distribution boundary of H. dixitiana. 
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2. Plagiogyria glauca (Blume) Mett., Farngatt. 2: 273. 1858. 


P. glaucescens Ching, Acta Phytotax. Sin. 7(2): 124, 150, pl. 38, f. 2. 1958. 
P. glaucescens Ching var. arguta Ching, |. c. 125. 


Specimen cited: CHINA. Sichuan: Shimian, alt. 2000 m, Li-Bing Zhang 1995 
(CDBI, PYU). 


Distribution: China: Sichuan, NW Yunnan (Chu & Lu, 1993), SE Tibet (Ching, 
1958, 1959; Ching & Wu, 1983), Taiwan (Zhang & Nooteboom, 1998); N India, N 
Burma (Ching, 1958, 1959; Ching & Wu, 1983), Philippines, Indonesia and the 
Pacific countries (Zhang & Nooteboom, 1998). 


When R.C. Ching described P. glaucescens Ching, he published a variety 
P. glaucescens var. arguta Ching (1958). According to the original description, this 
variety is characterised only by its longer and sharper teeth on the leaves. It occurs in 
northwest Yunnan. We do not accept this variety. 

Our specimen (Li-Bing Zhang 1995) was collected from Shimian, west Sichuan. This 
is another species from the center of diversity of the genus - southwest China. 
According to the study by R. C. Ching (Ching, 1958), the genus occurs mainly in 
high mountains. The vertical distribution of P. glaucescens was recorded as 2600- 
3200 m, but our specimen was collected at the altitude of 2000 m, which is far lower 
than the earlier records. 


3. Leucostegia immersa (Wall.) C.Presl. Tent. pterid. 95. pl. 4. f. 11. 1836. 
Davallia immersa Wall. ex Hook. Sp. fil. 1: 156. 1846. 


Specimen cited: CHINA. Sichuan: Yanbian, Mt. Bailing, alt. 3500 m, 14 July 1978, 
Xichang Inst. Pharm. 0220 (SM; photocopy, CDBI). 


Distribution: China: Guangxi (ASBI, 1972), Taiwan (Devol, 1975), Sichuan, Yunnan 
(Cheng, 1993; Chu & Lu, 1993), Tibet (Ching & Wu, 1983); India, Sikkim, Bhutan, 
Nepal (Dixit, 1984), Burma (Nooteboom, 1992, 1996), southeast Asia, Polynesia 
(Tardieu-Blot & Christensen, 1939; Holttum, 1966), New Guinea and Papua New 
Guinea (Nooteboom, 1992). 


Leucostegia C.Presl is an Asian genus and a tropical component. It comprises only 
two species (Nooteboom, 1992), which occur contiguously and sympatrically. 
Leucostegia immersa is the northern one and has a wider distribution area 
(Nooteboom, 1992, 1996). 


4. Woodsia manchuriensis Hook., Sec. cent. ferns. tab. 98. 1861. 


Specimen cited: CHINA. Sichuan: Hongya, Mt. Washan, alt. 1950-2500 m, 8 June 
1994, Wei-kai Bao et al. 2001, 2589, 2649 (CDBI). 


Distribution: China: northeast China (Zhang et al., 1958; Li & Wang, 1988; Wu & 
Bai, 1998), north China, northwest (Hsu & Ching, 1974), east China (Ching, 1945), 
Sichuan; Japan (Ogata, 1933; Tagawa, 1959; Nakaike, 1982), Korea (Tagawa, 1959), 
E Russsia (Fomin, 1934). 


Using the name of Protowoodsia manchuriensis (Hook.) Ching (Ching, 1945), Xia 
(1993) reported the distribution of this species in Sichuan, but all the specimens 
which he cited are Woodsia kangdingensis H.S. Kung, L.B. Zhang & X.S. Guo 


according to our study (Kung et al., 1995b). Furthermore, we doubt the occurance of 
W. manchuriensis in Yunnan. 
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5. Cheiropleuria bicuspis (Blume) C.Presl, Epimel. bot. 189. 1851. 
Polypodium bicuspe Blume, Enum. pl. Javae. 1828. 


Specimen cited: CHINA. Sichuan: Hejiang, Fubao, alt. 900 m, 6 Aug. 1977, 
Junliang Inst. Pharm. He-87 (SM; photocopy, CDBI). 


Distribution: CHINA: Zhejiang (Zhang, 1993), Guangdong, Guangxi, Hainan (Hu & 
Ching, 1930; Ching et al., 1964), Taiwan (Devol, 1975), Sichuan; Japan (Tagawa, 
1959; Nakaike, 1982), Indochina Peninsula, Philippines, Malaysia, Indonesia, New 
Guinea (Holttum, 1966). 


The first author of this paper noted four families which were new to Sichuan in 1984 
(Kung, 1984): Monachosoraceae, Elaphoglossaceae, Dipteridaceae, 
Cheiropleuriaceae, but he did not point out the related species names and failed to 
cite the specimens. In the last ten years, the first three families were reported from 
Sichuan by others (Kung, 1989; Chu & Lu, 1993); here is the official report of the 
last family, Cheiropleuriaceae. 

The specimen cited here was collected from Hejiang by the Yangtze River, at a 
latitude of 29° N. This is the northern boundary of this family on the mainland of 
Asia. Cheiropleuriaceae is a monotypic Asian tropical family (Kramer, 1990), its 
distribution pattern is something like those of Elaphoglossum J. Smith and Dipteris 
Reinwardt (Kramer, 1990). It is interesting that there are some tropical components 
in the fern flora of Sichuan, but most of them have their northern distribution 
boundary in Sichuan. 
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BOOK REVIEW 


BRACKEN FERN: TOXICITY, BIOLOGY AND CONTROL. J.A.Taylor and 
R.T.Smith (Eds). Continued from p.194. 


... in cows milk. This leads seamlessly into the fourth section “Bracken and Human 
and Animal health” which with 14 chapters comprises the main portion of the 
volume. 

Overviews of Pteridium toxicity in animal and human health (Smith et al.) and 
the mechanism of carcinogenesis (Shahin ef al.) sit alongside more specific studies 
on factors affecting particular tumours of cattle and carcinoma development — little 
here for the fern enthusiast. Perhaps the most pertinent paper to readers of this 
journal was that of Siman ef al. (published also in the British Journal of Cancer) 
looking at the genotoxicity of not just Bracken but other fern spores. Of those tested 
all but Osmunda caused appreciable damage to DNA, which should give anyone 
working regularly in close proximity to dense sporing fern stands pause for thought! 

Ecology, control and management includes a very useful account by Robinson 
laying out a comprehensive three stage strategy to provide effective Bracken 
clearance. He argues that previous failures have largely stemmed from the reliance 
on spraying alone without care for follow-up work with the resource implications 
that brings. This is followed by his paper in conjunction with Chris Page looking at 
the risks to, and protection of, other (non-target) pteridophyte species during 
herbicide spraying. An important issue now being addressed by work funded by 
English Nature. 

This is followed by abstracts of other talks presented at the conference which had 
previously been published in a special volume of the Annals of Botany (Vol. 85, 
supplement B, 2000). This was the first time that the conference proceedings had 
been published in this parallel fashion, with authors understandably wishing their 
work to reach a larger audience in higher impact journals but it does seem to have 
caused difficulties and the resulting conference volume has undoubtedly suffered and 
readers must now consult both volumes for a complete account. The volume 
concludes with a series of short articles reflecting on the post conference field trip 
and summarising the conference — these are a welcome addition which I hope I.B.G. 
5 will take on board. 

In conclusion something of a curates egg, probably only for Bracken-aholics, 
although there are many papers of wider significance to countryside managers, 
toxicologists, etc. here. Well worth reading, but buying.....? 


Fred J. Rumsey 
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TWO NEW SPECIES AND A NEW COMBINATION IN INDIAN AND 
SRI LANKAN GRAMMITIDACEAE 


B. S. PARRIS 


Fern Research Foundation, 21 James Kemp Place, Kerikeri, Bay of Islands, 
New Zealand 
(Email: bsparris @ voyager.co.nz) 


Key words: India, Sri Lanka, Grammitidaceae, Ctenopteris perplexa, Grammitis 
austroindica, Micropolypodium sikkimense. 


ABSTRACT 
Ctenopteris perplexa and Grammitis austroindica are described as 
new species. The former is known from Sri Lanka and South India; 
the latter occurs only in South India. The new combination 
Micropolypodium sikkimense is also made. 


INTRODUCTION 
During the preparation of an account of the Grammitidaceae for the Flora of Ceylon, 
material of the family was also examined from India. Two new taxa resulting from 
this study are described here, one in Crenopteris and one in Grammitis, and one new 
combination is made in Micropolypodium. 


Ctenopteris perplexa Parris, sp. nov. 

A C repandula differt soris non in depressionibus et non ad superficiem laminae 
prominulis, lobis ad apicem emarginatis, truncatis, obtusis vel acutis. 

Holotypus: Sn Lanka, Central Province, Nuwara Eliya District, Kandapola Forest 
Reserve, 1520 m alt., 19 March 1954, Sledge 1330 p.p. (K). 


Rhizomes + erect, radial, stipes in whorls of 3, not articulated to rhizome, scales 0.6-2.0 
x 0.2-0.7 mm, lanceolate to ovate, acute to apiculate at apex, pale to medium red-brown, 
glabrous apart from 1-3 pale yellow-brown or pale red-brown simple eglandular or 1-2- 
forked hairs 0.1-0.6 mm at apex of scale, neither clathrate nor iridescent. Stipes winged 
to base or 1-4 x 0.3-0.8 mm; with whitish to pale yellow-brown simple eglandular hairs 
0.2-0.8 mm and 1-3-forked hairs 0.2-0.6 mm. Laminae 33-170+ x 6-28 mm, narrowly 
elliptic to narrowly oblanceolate in outline, obtuse to acuminate at apex, long-attenuate 
at base, deeply pinnately divided, longest pinnae 3-15 x 1-4 mm, very narrowly 
triangular to narrowly oblong, obtuse to acuminate at apex, sessile to decurrent on 
acroscopic margin, decurrent on basiscopic margin at base, entire or lobed, longest lobes 
0.8-2.7 x 0.2-1.1 mm, broadly oblong or broadly to narrowly triangular, emarginate, 
truncate, obtuse, bluntly acute or acute at apex, entire or slightly crenulate; with pale 
yellow-brown or pale to dark red-brown simple eglandular hairs 0.1-1.2 mm on both 
surfaces of rachis, abaxial surface of pinna mid-vein and margin, sometimes on both 
surfaces of lamina, including as receptacular paraphyses, and adaxial surface of pinna 
mid-vein, and pale yellow-brown or pale to medium red-brown 1-3-forked hairs 0.1-0.9 
mm on abaxial surface of rachis, sometimes on both surfaces of lamina and pinna mid- 
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vein, margin and adaxial surface of rachis; rachis prominent and concolorous or slightly 
darker than lamina on both surfaces, lateral veins simple, each ending marked by a 
hydathode 0.1-0.3 x 0.1-0.2 mm. Sori 0.7-1.9 x 0.6-1.7 mm, on surface of lamina, 
discrete to confluent when mature, in 2 rows per pinna, | each side of pinna mid-vein, 
1-7 per row on longest pinnae. Sporangia 170-280 um, glabrous; indurated cells of 
annulus 7-14. Spores 33-60 wm diam. 


Known from Sri Lanka and South India. Epiphyte on mossy tree trunks, sometimes 
growing with bryophytes; from c. 1220-1860 m alt. 


Grammitis austroindica Parris, sp. nov. 

In aspectu G. mediali soris extra-medialibus, sed differt rhizomate longiore repenti 
cum stipitibus dissitioribus, pilis stipitum longioribus minus densisque, sporangiis 
glabris. 

Holotypus: South India, Nilgiris, herb. Beddome s. n. (BM). 


Rhizomes long-creeping, dorsiventral, stipes in 2 rows, not articulated to rhizome, 
1.3-2.7 mm apart in each row, scales 1.0-2.1 x 0.4-0.7 mm, lanceolate, acute at apex, 
medium red-brown, glabrous, not clathrate, sometimes slightly iridescent. Stipes 1-6 
x 0.3-0.6 mm, with medium to dark red-brown simple eglandular hairs 0.8-1.3 mm. 
Laminae 37-75 x 3-9 mm, narrowly elliptic, acute at apex, long-attenuate at base, 
entire; with dark red-brown simple eglandular hairs 0.3-1.0 mm on adaxial surface 
of lamina and mid-vein, and margin, sometimes on abaxial surface of lamina and 
mid-vein, and translucent to pale red-brown catenate simple glandular hairs 0.1-0.2 
mm on abaxial surface of lamina and mid-vein; fertile veins simple or 1-(2-)forked, 
free, each branch ending marked by a hydathode 0.1-0.2 x 0.1 mm. Sori 1.7-2.2 x 
1.5-1.9 mm, on surface of lamina, discrete to contiguous when mature, in 2 rows, 1 
each side of mid-vein, 3-17 in each row, nearer to margin than mid-vein. Sporangia 
220-270 um, glabrous; indurated cells of annulus 10-13. Spores 36-39 um diam. 


Known only from the South India (Nilgiris) type collection. Growing with 
bryophytes and lichens; altitude unknown. 


Micropolypodium sikkimense (Hieron.) Parris, comb. nov.. 

Polypodium sikkimense Hieron., Hedwigia 44: 97 (1905). Ctenopteris sikkimensis 
(Hieron.) C.Chr. & Tardieu, Notul. Syst. (Paris) 8(4): 182 (1939). Grammitis 
sikkimensis (Hieron.) Ching, Bull. Fan Mem. Inst. Biol. 10: 15 (1940). Xiphopteris 
sikkimensis (Hieron.) Copel., Gen. fil., 215 (1947). 
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